
Influenza and
Cardiovascular
Disease

Two-Year Follow-Up of 
the FLU Vaccination Acute
Coronary Syndromes
(FLUVACS) Registry
We have previously determined that there is a significant benefit of vaccination against
influenza in patients hospitalized due to an acute coronary event. The purpose of this
study is to determine whether the observed benefits of vaccination were maintained
over a 2-year follow-up among those who were re-vaccinated during the subsequent
winter season.

During the winter season of 2001, a total of 301 acute coronary patients were pros-
pectively enrolled within 72 hours of the onset of symptoms. Follow-up was conducted
at 6 and 12 months.

Patients who survived participated in a registry 1 year after the 2nd influenza vacci-
nation period (winter 2002), as a cohort of chronic and stable coronary patients.

The incidence of the primary endpoint cardiovascular death at 1 year was significant-
ly lower in patients receiving vaccination than in controls (6% vs 17%, respectively) by
intention-to-treat analysis. The relative risk with vaccination in comparison with controls
was 0.34; 95% confidence interval, 0.17–0.71; P = 0.002. In the winter of 2002, 116 pa-
tients were vaccinated according to their physicians’ instructions, and 114 subjects re-
mained unvaccinated. The combined endpoints of total death plus myocardial infarction
1 year later were 4 (3.4 %) in the vaccinated group vs 11 (9.7%) among those who
were not vaccinated (P = 0.05).

Influenza vaccination may reduce the risk of death and ischemic events in patients
admitted with acute coronary syndromes. There is also a beneficial trend in the quies-
cent phase of ischemia. (Tex Heart Inst J 2004;31:28-32)

espite the early benefits shown from the original studies on the effect of
antithrombotic therapy on acute coronary syndromes,1-4 the acute coro-
nary event rates in patients who present with myocardial necrosis remain

high both in the days following discharge and at 1 year thereafter. Indeed, death or
new infarction occurs in approximately 6 of 100 patients within 1 month. An ad-
ditional 6 deaths or myocardial infarctions per 100 patients can be expected within
the year, and the revascularization rate is close to 9% from 1 month to 1 year.5

In an effort to lower the incidence of ischemic events over time, a more aggres-
sive medical approach (early cardiac revascularization when appropriate) was used
in combination with a random 3-month assignment to dalteparin for moderate-to
high-risk patients with myocardial infarction.6 Despite policies of aggressive re-
vascularization, the incidence of subsequent adverse events remains high.7 The con-
ditions that cause new ischemic events are poorly understood. Previous research
has implicated inflammation as a critical component in the development of ather-
osclerotic disease and in the delay of healing; and several possible causes—includ-
ing a prothrombotic state, autoimmune reactions, and infection—are potentially
linked to the severity of inflammation.8

We have recently published our findings of a significant benefit of a single intra-
muscular dose of an influenza vaccination in reducing rates of cardiovascular death
and combined traditional end points at 6 months of follow-up.9

The aim of this present study is to report the 1-year follow-up results of the Flu
Vaccination Acute Coronary Syndromes (FLUVACS) study,9 and to relate the im-
pact of this therapy when administered prophylactically during the subsequent
winter season in the southern hemisphere, among the same patients during the
quiescent phase of their ischemia.
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Methods

Study Design and Population. This was a random-
ized, prospective, controlled pilot study that used par-
allel groups from multiple centers. The enrollment
criteria, the study design, the treatment protocol, and
the endpoint definitions have been published.9 From
6 care units in Argentina, we enrolled 301 patients
from 2 different cohorts: a myocardial infarction
group of 200 patients with a diagnosis of recent (with-
in the last 72 hours) ST- or non-ST-segment elevation
myocardial infarction, and an interventional group of
101 patients who were to undergo angioplasty and
stenting. Our Institutional Review Board approved
the study, and informed consent was obtained from
all patients.

At admission, the 200 patients who were experienc-
ing ST-segment elevation myocardial infarction or
non-ST-segment myocardial infarction were so classi-
fied in accordance with new diagnostic criteria arrived
at by recent consensus.10 They were divided into
2 groups. Group A (100 patients) received a single 
intramuscular vaccination containing 0.5 mL of A/
Moscow/10/99-like virus, A/New Caledonia/20/99
(H1N1)-like virus, and AB/Sichuan/379/99-like vi-
rus. Follow-up telephone visits were scheduled at 6
and 12 months after treatment. Group B (100 pa-
tients) served as a control group and received a saline
infusion as placebo.

The PCI (Percutaneous Intervention)-Stenting
Group comprised 101 subjects who were to undergo
stenting angioplasty at 2 sites in the city of Buenos
Aires. Before the interventional procedure, 51 of these
patients received vaccination, and the other 50, as
members of a control group, received the placebo.

The study began in May 2001. Because the timing
of influenza activity varies by region, the vaccine for
the present trial was administered after May (June
marks the onset of winter in the southern hemi-
sphere). Vaccination is usually recommended during
the winter, because that is inf luenza season.11 This
strategy was adopted on the hypothesis that a nonspe-
cific stimulation of the immune system could reduce
the incidence and severity of subsequent ischemic
events, in addition to serving as prophylaxis against
influenza infection.

Endpoints. One-year follow-up was obtained in a
prospective manner, in which each clinical site was re-
sponsible for telephone contact with all randomized
patients. If a patient was lost to follow-up by tele-
phone, a study investigator conducted a home visit to
evaluate the patient. For the 1-year follow-up, the
same endpoint definitions were used, and the prima-
ry endpoint was cardiovascular death.

Cardiovascular deaths were defined as those due to
myocardial infarction, sudden death, death in the

hospital after possible myocardial infarction, or death
due to heart failure or another coronary cause. Car-
diovascular deaths were confirmed by the patients’
own physicians or by a death registry. Deaths for
other reasons were not considered as primary end-
points.

The FLUVACS Registry. All the cases studied were
those of patients who participated in the FLUVACS
Study,9 whether or not they had been vaccinated 
during the winter of 2001.

During the summer of 2003 (January–March), we
recorded the deaths and myocardial infarctions of
those patients who participated in the initial FLU-
VACS Study.9

Information on demographic characteristics was
collected with the use of a structured questionnaire.

The patients or their survivors were asked whether
the patients had been vaccinated during the 2nd in-
fluenza vaccination campaign (April 2002 in Argenti-
na), whether they had been re-hospitalized for a new
cardiovascular infarction, and whether death (if it oc-
curred) was cardiovascular or noncardiovascular. In
accordance with international recommendations made
in 2002, those patients who were vaccinated received
the same intramuscular vaccination (0.5 mL of A/
Moscow/10/99-like virus, A/New Caledonia/20/99
(H1N1)-like virus, and AB/ Sichuan/379/99-like
virus) that they had received during the winter of
2001.

Endpoint Definitions for the Registry. The aim was to
assess the composite endpoints of cardiovascular or
noncardiovascular death (total deaths) and myocardi-
al infarction defined as any value of creatine kinase-
MB (CK-MB) above normal (5% or more of total
CK, or a total CK value at least twice the upper limit
of the normal reference range). A Q wave myocardial
infarction (MI) was defined as chest pain lasting 20
minutes or longer, followed by the appearance of new
significant Q waves (≥0.03 seconds) in at least 2 leads
in the electrocardiogram (ECG).

Statistical Analysis. The analyses for the 1-year
follow-up were done according to the intention-to-
treat principle.

Statistical comparisons between groups were made
using the time-to-event with the Kaplan-Meier sur-
vival technique (2-sided log-rank test, alpha = 0.05).

A χ2 statistic was calculated to test differences be-
tween proportions. The Mantel-Cox test was applied
to evaluate differences between functions. In measur-
ing the time to an event in cases in which a patient
had multiple endpoints, the worst event was consid-
ered the endpoint. All patients who experienced no
events or were lost to follow-up were recorded at the
time of study termination or last contact. When it was
possible only to establish whether a patient was alive
or dead, the confirmation date determined the length
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of follow-up for death. However, if full information
was available on an earlier date, that date determined
the length of follow-up in the analysis of all events.

Results

A total 301 eligible patients were assigned to vaccine
therapy (n=151) or control (n=150) through the ran-
domization process.

Demographic information has been published else-
where.9 There were no significant differences between
groups.

One-Year Outcome. Of the 301 patients enrolled, 15
(5%) died within the initial 6 months of follow-up.
Nine patients (3%) had no follow-up information be-

yond 6 months. Complete 1-year follow-up event in-
formation was available in the remaining 292 patients
(96% in the active vaccination group and 98% in the
control group).

There were no differences in terms of medical ther-
apy between groups. All of the surviving patients were
on aspirin, 64% on β-blockers, and 34% on statins.

Two patients in the control group were given influ-
enza vaccinations during the follow-up period on the
instructions of their own physicians and were with-
drawn from the study. Two patients died of noncar-
diovascular causes.

The incidence of cardiovascular death at 1 year was
significantly lower in the vaccination group than in
the control group (6% vs 17%; P = 0.002; hazard
ratio, 0.34; 95% confidence interval [CI], 0.17–
0.71). Figure 1 shows the Kaplan-Meier estimates of
the time to cardiovascular death. Noncardiovascular
death was not recorded.

Twelve months after randomization, the need for
coronary revascularization was significantly less fre-
quent among patients assigned to vaccine (5%) than
among those assigned to control (9%).

Follow-Up Registry. Data on the subjects’ vaccina-
tion status were collected from both vaccination and
control patients during the summer of 2003. Of the
original 301 patients included in 2001, 257 survived
the 1st year of follow-up of the FLUVACS Study,9 and
256 of these accepted involvement in the registry. By
the conclusion of the study, final information was
available on 230 patients. 

We divided these 230 patients into 2 groups accord-
ing to the prophylactic influenza treatment given dur-
ing 2002: Group A comprised 64 patients who were
originally in the control arm of the study but were
vaccinated during the winter of 2002, together with
52 patients who were re-vaccinated in the same sea-
son. Group B comprised 43 patients from the original
control group who remained as controls during the
winter of 2002, together with 71 patients who refused
to be vaccinated during the same period. The baseline

Volume 31, Number 1, 200430 Two-Year Follow-Up of FLUVACS Registry

Fig. 1  Kaplan-Meier estimates of the time to cardiovascular
death at 1-year follow-up. Noncardiovascular deaths are not
taken into account.

Solid line = vaccine group; broken line = control group

TABLE I. Demographic Characteristics for the Registry
Population, and the Endpoint at 2 Years of Follow-Up

Group A Group B
(Vaccine) (Control)

Baseline (n = 116) (n = 114)
Characteristics No. (%) No. (%)

≥65 years of age 65 (56) 64 (56)

Male sex 64 (55) 62 (54)

ST-segment elevation MI 32 (28) 38 (33)

Non-ST-segment elevation MI 42 (36) 45 (40)

Hypertension 60 (52) 51 (45)

Diabetes 21 (18) 20 (18)

Current or former smoker 40 (35) 35 (31)

Prior MI 12 (10) 15 (13)

Prior coronary artery bypass graft 11 (10) 10   (9)
or percutaneous intervention

MI = myocardial infarction

TABLE II. Primary Endpoint Rate during the FLUVACS
Registry

Group A Group B
(n = 116) (n = 114)
No. (%) No. (%) RR P Value

Total deaths 2 (1.7) 6 (5.3) 0.33 (0.07–1.59) 0.14

Double end- 4 (3.5) 11 (9.7) 0.36 (0.12–1.09) 0.05
point*

*Combined total death plus myocardial infarction

FLUVACS = Flu Vaccination Acute Coronary Syndromes Study;
RR = relative risk



and coworkers21 found that splenectomy dramatically
aggravated atherosclerosis in hypercholesterolemic
apoE (apolipoprotein E) knockout mice. Those au-
thors transferred spleen cells from atherosclerotic
apoE mice and found a significant reduction in dis-
ease development in young apoE-deficient mice,
which suggests that B-cell–associated protective im-
munity develops during atherosclerosis and reduces
disease progression.

It is noteworthy that in our study there was a rela-
tively high rate of death at 1 year of follow-up. In light
of inter-regional differences detected in clinical trials,
it is plausible that general management could differ
between sites and physicians participating in the
study.22 This controversial issue is still under debate.23

However, the fact that we observed consistent results
after 2 consecutive influenza seasons still points in the
direction of an association between influenza vaccina-
tion and major cardiovascular events.

Limitation of the Present Study. In PCI patients, we
found no statistically significant differences between
groups during the 1-year follow-up period. Of note,
the study was underpowered for the elective PCI
group, who would be expected to have a low morbid-
ity rate because of their lower rate of restenosis. On
the other hand, it is possible to think that inf luenza
vaccination worsens the clinical outcomes of patients
allocated to this group. Our findings support the hy-
pothesis that hospitalizations and deaths can be re-
duced by vaccinating acute coronary patients against
influenza.
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